The biochemical investigation of carcinoid disease has relied on measurement of the daily excretion of 5-hydroxyindoleacetic acid (5-HIAA) in urine. 1 Collection of 24-h urine has considerable disadvantages for the patient. Inconvenience, embarrassment, strict dietary requirements and the need for hazardous preservatives make this test unpopular, and signi®cant errors in collection may be made. The measurement of 5-HIAA in plasma would offer a more convenient alternative. However, the value of plasma 5-HIAA measurements in carcinoid disease has not been evaluated. Highperformance liquid chromatographic (HPLC) methods for measuring plasma 5-HIAA have been described previously, but applied to the investigation of patients with psychiatric and neurological disorders. 2 We describe a simple, isocratic HPLC method with¯uorimetric detection following ether extraction of 5-HIAA from plasma. This method was used to determine a reference range for plasma 5-HIAA in normal individuals and to investigate patients with known carcinoid disease. The effect of serotonin-containing foods on plasma 5-HIAA was also evaluated.
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MATERIALS AND METHODS
One hundred microlitres of internal standard (3´4 mmol/L 5-hydroxyindole-2-carboxylic acid) was added to 0´5 mL of heparinized plasma and diluted with 1 mL of water. The solution was acidi®ed with 25 mL of 50% glacial acetic acid and saturated with 1 g of sodium chloride. Extraction was carried out by shaking with 5 mL of diethylether for 2 min. After centrifugation at 2000 g for 5 min the ether layer was decanted into a glass tube and evaporated to dryness under nitrogen at 398C. The residue was reconstituted with 350 mL of mobile phase 5-HIAA (0´1 mol/L ammonium acetate, pH 4´55, containing 7% acetonitrile). 5-HIAA and the internal standard were separated isocratically on a 4´66250 mm C 18 , 5 mm Symmetry column (Waters, Watford, Herts, UK) using the mobile phase at a¯ow rate of 1 mL/min at ambient temperature. Peaks were detected using a Perkin Elmer LS5 spectro¯uorimeter (Perkin Elmer, Beacons®eld, Bucks, UK) at an excitation wavelength of 280 nm and emission wavelength of 345 nm. The internal standard peak eluted at 6´7 min and the 5-HIAA at 12´5 min. Late-eluting¯uorescent compounds were removed from the column by incorporating an acetonitrile wash for 1 min between sample injections. The method was calibrated using normal pooled plasma spiked with 5-HIAA concentrations of up to 1000 nmol/L. Samples with 5-HIAA greater than 1000 nmol/L were diluted in pooled plasma and re-analysed.
Urine 5-HIAA was measured by HPLC using the method described by Skrinska and Hahn, 3 but substituting methanol in the mobile phase with acetonitrile. Heparinized blood samples were collected from 40 normal, fasting adult volunteers (14 men, 26 women) and 11 patients with carcinoid disease. Seven pairs of normal volunteers had both fasting and 2-h blood samples taken after ingestion of the following serotonin-containing food: plums, tomatoes, kiwi fruit, avocadoes, walnuts, pineapples and bananas.
Plasma 5-HIAA concentrations were calculated using the internal standard ratio method from the peak areas. The calibration curve was adjusted to compensate for the peak area of pooled plasma.
RESULTS AND DISCUSSION
The method was found to be linear up to 1000 nmol/L and the average recovery was 98% (range 96±105%) as determined by spiking 10 normal plasma samples with 5-HIAA at concentrations of 100±200 nmol/L. Intra-assay percentage coef®cient of variation (% CV) was
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Ann Clin Biochem 2000; 37: 724±726 2´9 and inter-assay % CV was 5´2 at a concentration of 170 nmol/L. The reference values determined on 40 normal fasting subjects gave a median of 49 nmol/L (range 27±70 nmol/L) and a mean of 48 nmol/L [standard deviation (SD)=12´2]. These reference data were similar to those reported by Martinez et al., 4 who found a mean plasma 5-HIAA of 51´8 nmol/L (SD=20´1) on a smaller number of subjects (n=16). Stability of 5-HIAA in separated plasma was found to be very good, with no appreciable change in concentration after 7 days at 48C. The effect of serotonin-containing foods on plasma 5-HIAA showed considerable variation, as shown in Fig. 1 . When a control experiment was carried out on the same subjects (by measuring plasma 5-HIAA before and 2 h after ingestion of buttered toast), no detectable change in plasma 5-HIAA was observed. In one of the subjects, plasma 5-HIAA was measured for 8 h after ingestion of two bananas and basal values were reached after 6 h.
Plasma and urine 5-HIAA results for the carcinoid patients are shown in Table 1 . Overall, 5-HIAA showed a much greater increase in plasma than in urine, comparing the respective upper limits of the reference ranges.
The effect of serotonin-containing foods on 24-h urine 5-HIAA excretion has been previously documented. 5 Walnuts, pineapples and bananas, having the highest concentration of serotonin per gram weight of food, caused the greatest change in urine 5-HIAA excretion. These foods also had the greatest effect on plasma 5-HIAA concentration (see Fig. 1 ). Whereas patients are advised to avoid serotonin-containing foods before and during 24-h urine collection, in practice the complexity of modern processed foods can make compliance dif®cult. The measurement of a fasting blood sample would offer a more reliable alternative. The much greater rise in plasma 5-HIAA compared with urine suggests that plasma 5-HIAA may be a more sensitive indicator of carcinoid disease. In the light of these preliminary ®ndings, a much larger multi-centre study of plasma 5-HIAA in carcinoid disease is warranted.
